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© Method for simulating dyed fabric. 



© Method for simulating a dyed fabric, in which an 
image of the dyed fabric is produced on a display 
device, such as a colour monitor, or on a hardcopy. 
The fabric to be simulated consists of dyed yarns 
woven into each other which each consist of inter- 
rupted pieces of particular shape at the surface 
perceptible to the eye. The colours of all the points 
in the total surface of each simulated shape are 
summed and corrected so that the average colour is 
approximately the same as the spectrophotometrical- 
ly measured colour of the shape of the fabric in 
reality. The simulated shape is embodied in a man- 
ner such that it Is approximately the same as the 
shape of the yarn which the eye will observe when 
^observing the fabric in reality and which is provided 
^with shading at the edges when it passes over and 
^beneath other yarns. For the purpose of defining the 
position of the surface of the simulated shape in the 
lOthreedimensional space, said shape is chosen as an 
^elliptical shape between two yarns passing 
Q thereover. 
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Method for simulating dyed fabric 



The invention relates to a method for simulat- 
ing a dyed fabric, an image of the dyed fabric 
being produced on a display device, such as a 
colour monitor or on a hardcopy, the fabric to be 
simulated consisting of dyed yarns woven into 
each other which each consist of interrupted pieces 
of particular shape at the surface perceptible to the 
eye. Such a method is know in practice. 

In the following the words 'yarn shape' or 
'shape' refer to the piece of yarn visible on the 
surface of the fabric as it loops from one locking 
point to another. This shape will be only the visible 
part of the yarn and it must be noted that on a 
loosely woven fabric, there may be visible under- 
lying yarns or the background colour on which the 
fabric is lying on. The shape would typically not be 
rectangular but it may appear so. if the yarn sur- 
faces are made to simulate a cloth which would be 
finished in a calender. 

In the past manufacturers of fabrics have, as a 
rule, made samples of actual fabric which gave an 
impression of the different designs and colours to 
enable the customer to make a choice. This is an 
exceptionally time-consuming and costly process. 
This is because the weaver must have all the dyed 
yarns available and have the looms set up in order 
to make samples in all colour combinations. If the 
initial sorting and selection of the various design 
ideas could be carried out by means of a simulated 
fabric, the number of yarns that would have to be 
dyed and the number of looms which would be 
necessary ^or making the samples could be appre- 
ciably reduced. 

At present in the order of 20% or less of all 
woven samples which are shown to the customers 
are actually put into production. If the quantity of 
woven samples could be reduced, fewer yarns 
would have to be dyed separately for the samples 
and the sample looms could be made available for 
production. 

It is known in industry for an image of the 
fabric or cloth to be made in the same size as the 
final woven cloth on a colour monitor or on a 
hardcopy such as an image on paper, photo, trans- 
parency, colour slide, etc. In the case of finer 
fabrics the initial image is then enlarged, while, on 
the other hand, in the case of heavier and rougher 
fabrics, the initial image is often reduced. 

To simulate the said fabric, use is therefore 
made of blocks of uniform colour for every shape, 
visible to the eye, of the yarns at the surface of the 
fabric. In general the colour for the block is chosen 
by making a visual choice from a prepared set of 
colours. 

In an improvement to this method it is possible 



to provide darker points at the side edges of the 
colour blocks in order to portray a certain definition 
of the shape of the yarn. Some general patterns of 
a random nature may also be added over the 

5 surface in order to simulate different finishing ef- 
fects. A spectrophotometer has also been used in 
order to measure the colour of the yarns and the 
/ prepared colour blocks. This was then used as an 
aid for matching the yarn to the colour block. 

JO One problem in the above method is that, 

because they do not adequately reproduce the true 
structure, the images are not realistic and that in 
general the colours on the colour monitor or the 
hardcopy are insufficiently precise compared with 

75 the actual fabric or cloth. 

The object of the invention is to eliminate the 
abovementioned problems. 

This is achieved in a method of the type men- 
tioned in the preamble in that the colours of all the 

20 points in the total surface of each simulated shape 
are summed and corrected so that the average 
colour is approximately the same as the spec- 
trophotometrically measured colour of the shape of 
the fabric in reality. 

25 In a further embodiment of the method accord- 

ing to the invention, the simulated shape is em- 
bodied in a manner such that it is approximately 
the same as the shape of the yarn which the eye 
will observe when observing the fabric in reality 

30 and which is provided with shading at the edges 
when it passes over and beneath other yarns. 

The invention will be explained below in more 
detail by reference to an embodiment of the meth- 
od for simulating a fabric with a realistic appear- 

35 ance by means of a more accurate colour adjust- 
ment. This simulation is based on the actual col- 
ours and construction details of a fabric which may 
or may not have been woven previously. Said 
method will be explained below by reference to 

40 various steps. 

In the first step a definition of the position of 
the surface of the yarn shapes is- given in 
threedimensional space. This can be carried out 
with various levels of refinement. These start from 

45 a simple predictive method based on the density of 
the yarns in the woven cloth, such as is put forward 
in the book entitled "Structural Mechanics of Fi- 
bers. Yarns and Fabrics** by Hearle, Grosberg and 
Backer, and proceed to a complete and elaborate 

50 analysis based on the solution of differential equa- 
tions of the strength and stretch of the yarn and the 
physical forces involved in weaving. Since fabric 
simulation mostly relates to simple fabrics, a rela- 
tively simple technique will be described here. 

In this connection it is assumed that the yarns 
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in essence always have an elliptical shape between 
the various crossing points and under these cir- 
cumstances follow a loop described as a cartesian 
function between the two transverse yarns which 
cross over. At the same time the distance between 
the yarns is chosen to be equal to that which would 
exist in the final woven cloth, small variations in 
position being allowed in order to simulate the 
natural variation in weaving. 

Advantageously, the simulated yarn shapes are 
represented as being threedimensional and realisti- 
cally reproduce the image of slipping under the 
other yarns and rising above them. At the same 
time, the natural variations in weaving can be simu- 
lated and the shapes and positioning of the yarns 
can be simulated as a function of the forces ex- 
erted in the loom. 

In a second step an illumination has to be 
simulated on the basis of a general background 
illumination and a strong directional illumination at 
an angle of for example 45" to the surface of the 
woven cloth. If the ratio of the background illumina- 
tion to directional ilfumination is one to four, this 
provides a reasonable approximation of seeing a 
woven cloth near a window with normal daylight. 
This illumination mpdel can be adapted to various 
applications but, in general, preference is given to 
illumination with a strong degree of directivity in a 
particular direction. 

In the third step a visual representation is 
made of the colours visible in the points at the 
surface of the yarn shape. In this connection use is 
advantageously made of "ray-tracing" known in the 
art. This is described, inter alia, in the book entitled 
"Computer Graphics" by Steven Harrington. 

In addition, surface modelling can be intro- 
duced in this connection by providing various re- 
flectances and texture at the yarn surface in order 
to simulate the various yarns. At the same time, a 
random variation can also be introduced by chang- 
ing the actual angle which the plane of the yarn 
surface will make with the incident light. 

In the fourth step, the very important colour 
matching is carried out according to the invention. 
In this the colours of the simulated shape are 
corrected in a manner such that the average colour 
thereof is identical to the spectrophotomerically 
measured colour of the actual yarn shape. The 
human eye sees a different colour if the material is 
illuminated with different light. Hence it is generally 
not possible to colour match any one simulation 
under all lighting conditions. To resolve this prob- 
lem only one lighting condition is considered at a 
time, and the colour match becomes equating the 
X, Y and Z co-ordinates of the simulated shape to 
the X, Y and Z co-ordinates of the actual coloured 
yarn. The X, Y and Z co-ordinates of the yarn are 
calculated from the reflectances measured by the 



spectrophotometer, the spectra of the incident light 
and the response of the eye. 

Said colour matching is in principle possible 
under various standard illumination conditions. 

5 Preferably, use is made of the same illumination 
conditions, such as the D6500 Standard Lighting, 
for measuring the spectral reflectances from the 
yarns and from the hardcopy. As a result of this, 
the calculations can be simplified to using X, Y and 

70 Z co-ordinates of each colour point instead of start- 
ing from sixteen or thirty-one spectral points. This 
calculation for matching the colour proceeds as 
follows: 

a) conversion of each point (X, Y. Z) in the 
/5 threedimensional space at the surface of the 

(elliptical) loop shape into a hue, saturation and 
lightness standard model; 

b) summing said hue. saturation and light- 
ness values of each point over the surface of the 

20 shape; 

c) comparison of said summed values with 
the hue, saturation and lightness values of the yarn 
shape actually measured spectrophotometrically; 
and 

25 d) distribution of the error difference found 

over the total number of points in the loop shape. 

This ensures that the total visual effect of the 
yarn shape is the same as that of the actual yarn 
shape even if some parts may have a pure white 

30 Spectral value and some other points a virtually 
black coloration as a result of shading effects. The 
changes in the reflected colours follow the same 
changes which would occur in the actual fabric. 
The fifth step depends-on the type of hardcopy 

35 machine used. Here the total range of the colours 
produced in the third and fourth steps is reduced to 
the number of colours which can be processed by 
the monitor or hardcopy machine. If the machine is 
a photographic machine, virtually no further pro- 

40 cessing is necessary in practice apart from a few 
corrections for the gamma of the film plus an 
overlapping or underlapping of the pixels. If a col- 
our printer is used which has only a limited number 
of colours possible in any pixel, for example a 

45 thermo-transfer printer or a fixed drop Inkjet printer, 
the total range of the simulated colours will have to 
be converted into the limited range of colours avail- 
able to the printer. In doing this, the procedure is 
as follows. 

so e) The colours determined by the third and 

fourth steps are set out in a matrix with the same 
pitch as the finest pitch of the printer; 

f) The process moves over the array and at 
every pixel in the array; 
55 i) the basic colour of the printer is chosen 

which is the closest fit; 

ii) the error between the chosen printing 
colour and the desired colour is calculated; 
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iii) the error is split into three parts. These 
error parts are added respectively to the next pixel 
in the row, to the pixel directly above in the next 
row, and to the pixel diagonally above in the next 
row. 

The ratio of the partitioning is arbitrary and is 
based on experience but is characteristically 0.3, 
0.4 and 0.3 respectively. 

This technique retains the original colours of 
the simulation process but is only effective if the 
number of pixels for each elliptical loop shape of 
the yarn is reasonably large (for example, ten or 
more). A further improvement is possible by limit- 
ing the error correction to within each loop of a 
yarn. This is done by changing the error splitting 
algorithmn for the border of the yarn shape so as 
to add all the error to the next pixel in the row, and 
by calculating for the effects of some overlapping 
or underlapping of the data produced on the print- 
er. 

Currently the most suitable hardcopy machines 
are inkjet or thermo-transfer printers. Matrix printers 
which have inked ribbons are in general not suit- 
able as a result of the variation in the impression of 
the striking mechanism, and the multiple use of an 
inked ribbon makes prediction of the colour dif- 
ficult. 

Plotters have only a limited value with regard 
to this technique since they are not mechanically 
designed to reproduce dots in an efficient manner. 

It is obvious that the method of the invention 
described above is also suitable for simulating knit- 
ted or crocheted fabrics. In this case, the simulated 
shape of each yarn will approximate the loops 
made in knitting. 

Furthermore, the method according to the in- 
vention can be carried out not only for yarns dyed 
beforehand but also for undyed cloths which are 
subsequently printed with colours. 

The method can also be used for carpets and 
velours, in which each simulated shape will have to 
approximate a tuft. 



2. Method according to claim 1 , wherein the 
simulated shape is embodied in a manner such 
that it is approximately the same as the shape of 
the yarn which the eye will observe when observ- 

5 ing the fabric in reality and which is provided with 
shading at the edges when it passes over and 
beneath other yarns. 

3. Method according to claim 2, wherein, for 
the purpose of defining the position of the surface 

70 of the simulated shape in the threedimensional 
space, said shape is chosen as an elliptical shape 
between two yarns passing thereover. 

4. Method according to claim 3, wherein the 
starting point is a general background illumination 

15 and a strong directional illumination under an angle 
of for example 45* with respect to the surface of 
the fabric and wherein a visual representation of 
the colour visible in the points of the surface of the 
simulated shape is achieved by means of "ray- 

20 tracing". 

5. Method according to claim 4. wherein a 
surface modelling is introduced by providing var- 
ious reflectances at the surface of the simulated 
shape in order to simulate various yarn types. 

25 6, Method according to one of claims 3 to 5, 

characterized in that each point (X. Y,Z) in the 
threedimensional space of the shape is converted 
into a hue, saturation and lightness mode! at the 
surface, that the hue, saturation and lightness val- 

30 ues of all the points on the shape are summed, that 
the summed values are compared with the spec- 
trophotometrically measured hue, saturation and 
lightness values of the shape in reality, and that the 
error difference found is distributed over the total 

35 number of points in the simulated shape. 
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Claims 45 

1. Method for simulating a dyed fabric, an 
image of the dyed fabric being produced on a 
display device, such as a colour monitor or on a 
hardcopy, the fabric to be simulated consisting of 50 
dyed yarns woven into each other which each 
consist of interrupted pieces of particular shape at 
the surface perceptible to the eye, characterized in 
that the colours of all the points in the total surface 
of each simulated shape are summed and cor- 55 
rected so that the average colour is approximately 
the same as the spectrophotometrically measured 
colour of the shape of the fabric in reality. 
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